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AB As the DNA sequence of the human genome is now nearly finished, the main 

task of genome research is to elucidate gene function and regulation. DNA 
methylation is of particular importance for gene regulation and is 
strongly implicated in the development of cancer. Even minor changes in 
the degree of methylation can have severe consequences. An accurate 
quantification of the methylation status at any given position of the 
genome is a powerful diagnostic indicator. Here we present the first 
assay for the analysis and precise quantification of methylation 
on CpG positions in simplex and multiplex reactions based on 
matrix-assisted laser desorption/ ionisation mass 
spectrometry detection. Calibration curves for CpGs in two genes 
were established and an algorithm was developed to account for systematic 
fluctuations. Regression analysis gave R(2) >or= 0.99 and standard 
deviation around 2% for the different positions. The limit of detection 
was approximately 5% for the minor isomer. Calibrations showed no 
significant differences when carried out as simplex or multiplex analyses. 
All variable parameters were thoroughly investigated, several 
paraffin-embedded tissue biopsies were analysed and results were verified 
by established methods like analysis of cloned material. Mass 
spectrometric results were also compared to chip hybridisation. 
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AB The invention relates to a method for detecting the degree of methylation 
of a defined cytosine in the sequence context 5 ! -CpG-3' of a genomic DNA 
sample. The first stage involves treating the genomic DNA with bisulfite 
and subsequence alkaline hydrolysis in such a ways that the cytosine bases, 
but not the 5 -methyl cytosine bases, are converted into uracil, which 
corresponds to thymidine in its base pairing behavior. Parts of the 



genomic DNA containing the defined cytosine are then amplified. The amplified 
parts are given a detectable mark and the extent of the hybridization of 
the amplified parts on the two classes of oligonucleotides is then determined 
by detecting the mark of the amplified parts. The degree of methylation 
of the defined cytosine in the genomic DNA sample can be deduced on the 
basis of the relationship between the marks detected on the two classes of 
oligonucleotides following the hybridization. The oligomer probes 
according to the present invention, containing at least one CpG dinucleotide, 
constitute important and effective tools which make it possible to 
ascertain the genetic and epigenetic parameters of genes associated with 
diseases. The invention is exemplified by methylation anal, of human 
genes ELK1 and MLH1 . [This abstract record is one of ten records for this 
document necessitated by the large number of index entries required to fully 
index the document and publication system constraints.] . 
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The methylation status of cytosine bases in a polynucleotide can be determined, 
with enhanced sensitivity, by contacting the polynucleotide with an agent 
that modifies either unmethylated cytosine or methylated cytosine, 
amplifying the modified polynucleotide using one or more "heavyweight" 
nucleotides and then determining the mass of the amplified product. The 
polynucleotide is treated with a bisulfite salt which converts 
unmethylated cytosine to uracil. PCR is used to first generate a double 
stranded amplification product using a pair of natural primers to create a 
template for subsequent asym. amplification. Asym. PCR amplifies a single 
strand of the modified polynucleotide using adenine or thymine-containing 
heavyweight nucleotides that are halogenated with either bromine or 
iodine. Asym. amplification is achieved by adding an excess of one of the 
primers and by choosing an annealing temperature that favors annealing of one 

the two primers. The mass of the amplified product is determined, for example, 
by mass spectrometry, and gauged in relation to the 

mass of a control sample having identical base sequence to the nucleotide 
sequence under study. A fully methylated or fully unmethylated control 
sample is used as the mass of the control sample can be estimated by mass of 



the heavyweight and normal nucleotides. Mass 

spectrometry (Matrix Assisted Laser Desorption/Ionization or 

Electrospray Mass spectrometry) is conducted on a 

single strand of the double stranded amplification product with a primer 
chemical modified by addition of a water-soluble C60 derivative The presence 

absence of a mass difference indicates whether one or more cytosine bases 
of the polynucleotide are methylated. The methylation of 
cytosine bases in CpG sequence motifs can be determined using this 
method which has implications in the diagnosis and treatment of cancer. 



